Dissolved nitrogen in drinking water resources in Al-Mahareth village of Assir – Saudi Arabia  by Khanfar, Ayed Radi
Saudi Journal of Biological Sciences (2010) 17, 265–268King Saud University
Saudi Journal of Biological Sciences
www.ksu.edu.sa
www.sciencedirect.comSHORT COMMUNICATIONDissolved nitrogen in drinking water resources in
Al-Mahareth village of Assir – Saudi ArabiaAyed Radi KhanfarKing Khalid University, Science College, Biological Science Department, P.O. Box 9004, Abha 61413, Saudi ArabiaReceived 20 April 2009; accepted 13 September 2009
Available online 18 April 2010E-
13
re
doKEYWORDS
Ammonia;
Al-Mahareth;
Nitrate;
Nitrite;
Nitrogen;
Ground watermail address: ayedkhanfar@
19-562X ª 2010 King Saud
view under responsibility of
i:10.1016/j.sjbs.2010.04.013
Production and hyahoo.co
Univers
King Sau
osting by EAbstract A water quality study was carried out on ground water wells, which serve as drinking
water sources in farming communities in Al-Mahareth village of Assir region of the Kingdom of
Saudi Arabia. The objective of this research was to determine concentrations of different forms
of nitrogen in drinking water samples. Water samples were collected from these sources every
3 months (from January to December 2008) and analyzed for ammonia, nitrate and nitrite using
the Plaintest Photometer Method. Results indicated that the annual mean concentration of nitrate,
nitrite and ammonia varied from 23.09 to 25.06 mg/l, 0.006 to 0.36 mg/l and 0.008 to 0.179 mg/l,
respectively. An important observation was that, in general, higher nitrate and nitrite concentra-
tions were found during the rainy season compared to the dry season. Concentrations of these
potentially toxic substances were below WHO acceptable limits for surface and ground waters, indi-
cating that these water resources appear safe for drinking from a dissolved nitrogen perspective.
ª 2010 King Saud University. All rights reserved.1. Introduction
Ground water contributes only 0.6% of the total water re-
sources of the earth (Meenakshi and Mahenshwari, 2006);
however, it is the major and most preferred source of drinking
water in rural as well as urban areas in developing countries
because it does not require treatment. Various natural and
anthropogenic ecological factors pollute the ground water be-m
ity. All rights reserved. Peer-
d University.
lseviercause of deep percolation from intensively cultivated ﬁelds,
disposal of hazardous wastes, liquid and solid wastes from
industries, sewage disposal and surface impoundments (An-
war, 2003; Oren et al., 2004; Amina et al., 2004; Kass et al.,
2005).
Nitrogen in the aquatic environment occurs in four forms:
ammonia (NH3), nitrate ðNO3 Þ, nitrite ðNO2 Þ and ammonium
ion ðNHþ4 Þ. The most toxic nitrogen to biota such as ﬁsh and
amphibians is ammonia, followed by nitrite and nitrate (Rouse
et al., 1999). Nitrate is the ﬁnal oxidation product of the nitro-
gen cycle in natural waters and is considered to be the only
thermodynamically stable nitrogen compound in aerobic
waters. Following pesticides, nitrate is listed as the second
greatest chemical threat to surface and ground water in the
world. Many water resources are faced with problems related
to high concentrations of nitrate and nitrite. Increasing nitrate
levels in water resources are a potential source of severe envi-
266 A.R. Khanfarronmental stress to aquatic organisms, because nitrate is
known to be toxic to crustaceans (Muir et al., 1990), insects
(Camargo and Ward, 1992), amphibians (Baker and Waights,
1993, 1994) and ﬁsh (Tomasso and Carmichael, 1986). In hu-
mans, infants who drink water containing nitrate in excess
could develop blue-baby syndrome (methemoglobinemia)
(Spalding and Exner, 1993; Hudak, 1999; EPA, 2002). High
levels of nitrate in drinking water can also cause cancer when
it reacts with protein compounds in the body to form nitrosa-
mine, a well-documented, cancer causing agent (Tricker and
Preussmann, 1991).
Recently concern has been raised over levels of nitrate in
surface and ground water supplies. Signiﬁcant sources of ni-
trate contamination of water include agricultural application
of nitrogen based mineral fertilizers, manure and their subse-
quent runoff (Bogardi et al., 1991; Oldham et al., 1996). In
some instances, high concentrations may be due to natural
background levels or other causes such as on-site wastewater
disposal systems (Jenkins, 1999; Stoddard et al., 1999). With
sufﬁcient surface water inﬁltration, soluble nitrates can leach
below the root zone to underground water (Hallberg and Kee-
ney, 1993).
If nitrate is suspected in drinking water of humans or live-
stock, begin a routine water sampling and testing program to
monitor nitrate levels. Nitrate is detectable in water only by
chemical testing. It is colorless, odorless and tasteless. Most
laboratories usually report nitrate content in parts per million
(ppm) of nitrate-nitrogen (NO3-N). Occasionally a lab will re-
port results in ppm NO3.
The objective of this research was to determine concentra-
tions of different forms of nitrogen in drinking water samples.2. Materials and methods
2.1. Location
Assir is located in the middle of the south western part of the
Kingdom between latitude 17250 and 19500 to the north and
longitude 50.00 to 41.500 to the East. It has an area of
81,000 km2 and an estimated population of 1,563,000, ex-
tends for 370 km along the southeastern shore of the Red
Sea, between the province of Al H ijaz on the north and Ye-
men on the south, it shares a short border with Yemen Assir
stretches from the boundaries of El Darb, El Shakeek, Beesh,
and Jazan in the south west to the boundaries of Yamen in
the south east. And from the boundaries of El Dawaser val-
ley and El Riyadh in the north to Raneya, Mecca, Ghamed,
and Dahran and El Baha in the coast lowland. And it is
bounded from the east by Najran province, and from the
west El Konfoza and part of the Red Sea Shore. On its west
side, the province is a coastal plain 64 km in width; this plain
continues the Tihamahof Al H ijaz. On the other side, it is a
mountainous area, with peaks that rise abruptly to 2800 m
(9200 ft) and then descend gradually to 1100 m (3600 ft) to
join with the Najd plateau. The lowland plain is hot, with
some fertile areas where valley––streams that ﬂow only during
and after a rainfall––emerge from the mountains (Batanouny,
1978). The inland hills and valleys have a temperate climate
and an annual rainfall of 250–300 mm (10–12 in.), the highest
in Arabia. Its capital is Abha. Al-Mahareth village situated
15 km eastern Abha city (Fig. 1) (Farsi, 2006).2.2. Sampling
Five ground water sources were sampled. Selection of sample
sites was based on their socio-economic importance as well
as land use. Water samples were collected from these sites at
3 months intervals, from January to December 2007. A total
of ﬁve samples were collected in the month of February (ﬁrst
quarter), May (second quarter), August (third quarter) and
November (forth quarter). Each sample site was visited four
times.
Water samples were collected at morning time directly into
clean high-density polyethylene bottles and stored in an icebox
at a temperature of about 4 C. The sample containers were
earlier washed with detergent, rinsed with de-ionized water
and soaked in 1.4 M HNO3 solution overnight. They were
again rinsed with de-ionized water prior to collection. For
the sampling, bottles and caps were rinsed three times with
water to be sampled during sampling each borehole was
pumped for 3 min and each sample bottle and its cap were
rinsed three times with well water during sampling. Samples
were transported to the Biological Science Department Labo-
ratory in Abha and examined within 24 h.
2.3. Methodology
Laboratory analyzes were performed using procedures out-
lined in the Palintest Photometer Method. To a 10 ml of ﬁl-
tered water sample, a test tablet was added and ground. The
solution was allowed to stand for the color to develop. The test
tube was then placed in photometer which has been standard-
ized and the readings recorded. NO3-N was analyzed by
hydrazine reduction and spectrophotometric determination
at 520 nm; NO2-N by diazotization and spectrophotometric
determination at 540 nm and NH3-N by reaction with alkaline
salicylate in the presence of chlorine to form a blue-green indo-
phenol complex and measured at 640 nm.
To interpret the results, you must know the form in which
they are reported. To convert NO3-N to NO3, multiply by 4.4.
For example, 10 ppm NO3-N equals 44 ppm NO3 (Table 1).
3. Results and discussion
Occupying over 80% of the study area, agriculture is the main
economic activity in the Al-Mahareth village of Assir region of
Saudi Arabia. Unfortunately, there is no information on ef-
fects of farming activities on quality of ground water which
serves as drinking water sources. Such information is vital
for policy makers who should in turn give proper advice to
farm owners and surrounding communities to alleviate poten-
tial health concerns. Water from these sources is not treated
before it is consumed; therefore the type and levels of pollu-
tants are unknown. The objective of this research was to assess
the nitrogen pollution of the ground water that’s situated in
highly cultivated areas.
Nitrate (measured as NO3-N) distribution in the selected
ground water resources is provided in Table 2. The highest
NO3-N concentration in samples from ground water was
0.48 mg/l recorded well No. 4. Relatively higher concentra-
tions were observed in samples from the wells in agricultural
areas, where potential sources of nitrate contamination are
more prevalent. Wells samples from well Nos. 3 and 4 recorded
Figure 1 The locations of Assir region and Abha city.
Table 1 Guidelines for use of water with known nitrate
content.
Nitrate-nitrogen
(NO3-N) (ppm)
Nitrate (NO3)
(ppm)
Interpretationa
0–10 0–44 Safe for humans and livestock
11–20 45–88 Generally safe for human adults
and livestock. Do not use for
human infants
21–40 89–176 Short-term use acceptable for
human adults and all livestock
unless food or feed sources are very
high in nitrate. Long-term use could
be risky. Do not use for human
infants
41–100 177–440 Moderate to high risk for human
adults and young livestock.
Probably acceptable for mature
livestock if feed is low in nitrate. Do
not use for human infants
Over 100 Over 440 Do not use
a Interpretations are primarily based on short-term effects.
Chronic, long-term risks are not fully understood.
Table 2 Statistical analysis of nitrate content of surface and
ground water samples in Al-Mahareth village of Assir region,
Saudi Arabia.
Sampling site Max
(mg/l)
Min
(mg/l)
Variance
(mg/l)
Mean
(mg/l)
S.D.
Well No. 1 0.25 0.14 0.002 0.19 0.05
Well No. 2 0.35 0.18 0.006 0.24 0.08
Well No. 3 0.40 0.18 0.008 0.28 0.09
Well No. 4 0.48 0.18 0.02 0.30 0.13
Well No. 5 0.31 0.09 0.01 0.16 0.10
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signiﬁcant variations in NO3-N concentrations in ground
water throughout the period; the trend showed that higher lev-
els were observed during the third and the fourth quarter anal-
ysis shortly after massive farming period. This may be the
result of leaching from fertilizer use and human waste. The
well No. 5 recorded the lowest NO3-N concentration of
0.09 mg/l during the fourth quarter. An annual mean NO3-N
content of the water samples varied from 0.16 to 0.30 mg/l.
Minimum (0.16 mg/l) and maximum (0.30 mg/l) NO3-N con-
tent were observed from well Nos. 5 and 5, respectively.The current situation of NO3-N distribution in the region is
such that no clear demarcation can be made of areas high in
NO3, since all the water resources studied in the area have
NO3-N concentrations lower than the recommended limit of
10 mg/l NO3-N for drinking water (EPA, 2002).
All ﬁve water sources contained NH3-N (Table 2). Concen-
trations of NH3-N were low in all samples. Values of NH3-N
ranged from an mean average of 0.008 mg/l (well No. 2) to
0.035 mg/l (well No. 1). Ammonia is usually present in aquatic
systems as dissociates ammonium ion which is rapidly taken
up by algae, NH3 is therefore present at very low quantities
(Horne and Goldman, 1994). Furthermore, under oxygenated
conditions, NH3 and NO2 are oxidized to NO3 by nitriﬁcation
bacteria. Therefore, NH3 in drinking water is not of immediate
health relevance, and therefore no health-based guideline value
is proposed. However, NH3 can compromise disinfection efﬁ-
ciency, result in NO2 formation in distribution systems, cause
the failure of ﬁlters for the removal of manganese and cause
taste and odor problems (WHO, 2003). NO2-N levels in sam-
ples are provided in Table 3. Mean NO2-N concentrations var-
ied between 0.007 mg/l (well No. 2) and 0.089 mg/l (well No.
1). The concentrations of NO2-N in all samples throughout
the year were lower than the maximum contaminant level
Table 4 Statistical analysis of nitrite content of surface and
ground water samples in Al-Mahareth village of Assir region,
Saudi Arabia.
Sampling site Max
(mg/l)
Min
(mg/l)
Variance
(mg/l)
Mean
(mg/l)
S.D.
Well No. 1 0.30 0.014 0.020 0.089 0.14
Well No. 2 0.013 0.001 2.4 · 105 0.007 0.007
Well No. 3 0.023 0.007 4.6 · 105 0.017 0.007
Well No. 4 0.023 0.003 7.9 · 105 0.015 0.009
Well No. 5 0.023 0.001 8.4 · 105 0.013 0.008
Table 3 Statistical analysis of ammonia content of surface
and ground water samples in Al-Mahareth village of Assir
region, Saudi Arabia.
Sampling site Max
(mg/l)
Min
(mg/l)
Variance
(mg/l)
Mean
(mg/l)
S.D.
Well No. 1 0.048 0.024 9.9 · 105 0.035 0.016
Well No. 2 0.012 0.00 3.2 · 105 0.008 0.005
Well No. 3 0.042 0.00 37 · 105 0.029 0.019
Well No. 4 0.048 0.012 22 · 105 0.032 0.015
Well No. 5 0.036 0.012 9.6 · 105 0.024 0.010
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WHO (2003). Seasonal differences were not observed for NO2-
N in samples except those from ground water from well No. 1
(see Table 4).
4. Conclusion
Dissolves nitrogen as NO3-N, NH2-N and NH3-N in surface
and ground water samples of selected communities in Al-Mah-
areth village of Assir region of Saudi Arabia was determined in
this study. Concentrations of nitrogen forms were found to be
below guidelines for drinking waters established by the WHO.
Concentrations are non-toxic to humans who depend on these
water resources for their domestic water needs. These low lev-
els may not affect the health of the aquatic ecosystems of the
investigated water bodies.
However, it is suggested that regular monitoring of these
water resources should be encouraged. Results have also
shown that there was an increase in the concentration of ni-
trates during the rainy season (second and third quarters).Acknowledgements
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